ABSTRACT. Hematite iron oxide (α-Fe2O3) nanowalls were fabricated on aluminum substrate by a facile solvent-assisted hydrothermal oxidation process. The XRD and EDS patterns indicate that the sample has a rhombohedral phase of hematite Fe2O3. FE-SEM, TEM, HR-TEM, SA-ED were employed to characterize the resulting materials. N2 adsorption-desorption isotherms was used to study a BET surface area. Their capability of catalytic degradation of titan yellow GR azo dye with air oxygen in aqueous solution over Fe2O3 catalysts was studied. The result indicates that the as-prepared product has a high catalytic activity, because it has a larger surface area. Langmuir and Freundlich isotherms of adsorption dye on the catalysts surface were investigated and the decomposition of titan yellow GR follows pseudo-first order kinetic.
INTRODUCTION
Iron oxides have attracted an enormous amount of interest because of their great scientific and technological importance in catalysts, pigments, and gas sensors.
1−3
Hematite has a rhombohedrally centered hexagonal structure of the corundum type with a close-packed oxygen lattice in which two-thirds of the octahedral sites are occupied by Fe 3+ ions. 4 Previously a lot of reports have been carried out on Fe 2 O 3 due to its low cost and nontoxic property. 4 Nowadays, almost researches have, therefore, been focused on the fabrication of Fe 2 O 3 nanostructured materials, because nanoscale materials are often exhibited very interesting physical and chemical properties, which are significantly different from those of their bulk counterparts in many field applications such as catalysis, 5−7 gas sensing, 8, 9 magnetic recording, 9 drug delivery.
10
The efficiency and performance of any process are directly determined by the properties of underlying nanostructures, which are in turn greatly dependent on the crystallographic orientation, size, shape, and morphology.
11 May numerous synthesis conditions of iron oxides nanocrystals were reported with enhanced chemical characteristics. 29, 31, 32 Herein in this work, solvent-assisted hydrothermal oxidation method and aluminum substrate were employed to fabricate Fe 2 O 3 nanowalls. The wider varieties of techniques were utilized to characterize the resulting material. The degradation of titan yellow GR azo dye by O 2 was used as a probe reaction to investigate the promotion effect of Fe 2 O 3 catalysts. Langmuir and Freundlich isotherms of adsorption dye on the catalysts surface and reaction rate constant were also determined.
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EXPERIMENTAL
All the employed reagents in this study were of analytical grade. To prepare Fe 2 O 3 nanowalls, 3 mmol ammonium iron sulfate was dissolved in 50 ml of base solution contents 7 ml of ammonia and 5 ml of (0.1 M) NaOH. The solution was stirred for 30 min at room temperature, and then the solution was filtered off. The solution was then transferred into a sealed aluminum bottle in which the substrates were suspended vertically. The sealed bottle was subsequently put into an oven kept at 180 o C for 8 h. The green precipitate was washed with distilled water and absolute ethanol for several times by using centrifugation at 6000 rpm to remove the excessive reactants and byproducts, followed by drying in a vacuum at 70 o C for 4 h. The potential use of the synthesized Fe 2 O 3 nanowalls as catalyst material for degradation of titan yellow GR by O 2 application was assessed. Typically, 0.5 g of titan yellow GR dye was dissolved in 200 ml of distilled water. Briefly, 0.025 mmol of as-prepared α-Fe 2 O 3 nanomaterials was added into the three-neck flask. At regular time, intervals samples were taken from three-neck glass after removed the catalytic powder. The decreases in absorbance of titan yellow GR solution were recorded by using UV-vis spectrophotometer (Shimadzu; 2450).The degree of degradation was calculated using the relation [D% = (1−A t /A o )100].
RESULTS AND DISCUSSION
The crystal structure of α-Fe 2 O 3 was estimated by XRD pattern ( Fig. 1(a) ). All X-ray diffraction patterns peaks of product can be easily indexed to that of a pure rhombohedral phase of hematite Fe 2 O 3 structure with a = b = 5.03420Å and c = 13.746Å, which is in good agreement with the standard data from JCPDS card no. 79−1741 ( Fig. 1(b) ) and space group of R-3c (no. 167). 33 No peaks of any other impurity phases were detected from XRD patterns, revealing the high purity of the product. The surface adsorption capacity of α-Fe 2 O 3 is investigated by N 2 sorption isotherm. According to IUPAC classification, the isotherm of sample resembled type IV closely or faintly, suggests that mesopores is may be existed. N 2 adsorption-desorption isotherms (Fig. 2) .
Top-view image of materials has grown on aluminum substrate by a solvent-assisted hydrothermal oxidation method. Fig. 3(a) shows that SEM images of nanowalls are interconnected like spider-web network. Fig. 3(b) depicts the α-Fe 2 O 3 nanowalls with cross-section and irregular walls. The walls have thickness is around 30 nm and average lengths are about 500−700 nm. The TEM studies of the as-synthesized product confirmed the 2D-conguration of the nanowalls (Fig. 3(c) ). Interestingly, selected area electronic diffraction (SA-ED) pattern of α-Fe 2 O 3 nanowalls (inserted of Fig. 3(c) ) obtaining the product is polycrystalline structure. HR-TEM image of the α-Fe 2 O 3 nanowalls is shown in Fig. 3(d) . The calculated interplanar distance is about 0.268 nm, which correspond to {104} plane.
In our previous work, the impact of ammonia on the 2D nanostructures such as Mn 3 O 4 hexagonal nanoplates was investigated. 34 In current study, the ammonium and sodium hydroxides have, therefore, been proved to play an important role for the formation α-Fe 2 O 3 nanowalls. In our system, iron II ions is oxidized to form Fe(OH) 3 . However, the control of particle size distribution is limited, because only kinetic factors are controlling the growth of the crystal. In the precipitation process, two stages are involved i.e., a short burst of nucleation occurs when the concentration of the species reaches critical super saturation, and then, there is a slow growth of the wall nuclei by diffusion of the solutes to the surface of the crystal on aluminum foams.The complex material of iron ammoniate might is play an important role in controlling not only release velocity of Fe 2+ ions, but also growth direction of α-Fe 2 O 3 nanowalls. Finally, the resulting Fe(OH) 3 decompose into α-Fe 2 O 3 and the growth process is following:
The contamination of water supplies by organic molecules is an increasing problem mainly because many of these molecules are not readily degraded by conventional methods for the treatment of effluents. This problem has increased with the development of the textile industry because many of the pollutants are dyes used by them.
35,36
Because it is easily dissolved in water, titan yellow GR is one an important factor in environmental pollution from the textile industry and study of degradation mechanism to be quite well. In this area, the degradation of titan yellow GR with oxygen air babbles catalyzed by α-Fe 2 O 3 nanowalls is occurred without adjust of pH and under atmospheric pressure at room temperature. Fig. 4 reveals that the UVvisible spectrum of titan yellow GR have consisted of two main characteristic absorption peaks at 402 nm in visible region and another at 319 nm in UV region. The peak in a visible region is attributed to chromospheres containing azine linkage, whereas the peak obtained in a UV region is assigned to aromatic rings. When titan yellow GR solution is treated by α-Fe 2 O 3 nanowalls catalyst in presence of O 2 at room temperature without adjustment pH, the absorption intensity of both peaks are reduced with times, suggesting the dye is gradually degraded, including degradation of the aromatic structure.
On the basis of the surface characterization results described above, it is now instructive to study the catalytic activity of α-Fe 2 O 3 nanowalls with different stage of reactants. Curve (I) in Fig. 5 shows the titan yellow GR has hardly been decomposed in absences of catalyst and presence of air babble. Own more than 24.4% of dye is Fig. 5 ). An about 96.6% of dye degradation is occurred in the presence of α-Fe 2 O 3 nanowalls and O 2 air (curve III, Fig. 5 ). On the other hand, the adsorption of titan yellow GR on the α-Fe 2 O 3 nanowalls surface was studied by Freundlich and Langmuir isotherms eq.1,2.
where x, m, C, K and n are number moles of titan yellow GR adsorbed by catalyst surface, mass of α-Fe 2 O 3 nanowalls, concentration of titan yellow GR in the solution after 1 h of adsorption in the dark, adsorption constant and constant characteristic for an exact system, respectively. The linear relation and higher value of correlation coefficients (R 2 = 0.97078) can be represented on a Langmuir isotherm ( Fig. 6(a) . The correlation coefficient obtained from Freundlich isotherm of titan yellow GR adsorption on the catalysts surface was established of R 2 = 0.9286 ( Fig. 6(b) ) suggesting the adsorption of catalyst, meanwhile, the presence of O 2 is necessary but the oxygen flow rate has no significant effect on the degradation process.
Because the oxygen is excess and the reaction rate only depends on the concentration of titan yellow GR dye, the reaction can be considered pseudo first order. As shown in , this value is higher than de-colorization of this dye by using bacteria isolated from textile dye.
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CONCLUSION
In conclusions, α-Fe 2 O 3 nanowalls grown on aluminum were prepared by a facile solvent-assisted hydrothermal oxidation method and applied as the catalyst material for degradation of titan yellow GR. The nanowalls with crosssection has thickness is around 30 nm and an average length of 500−700 nm. The decomposition of titan yellow GR follows pseudo-first order kinetic. The adsorption dye on the catalysts surface was investigated by Langmuir and Freundlich isotherms. This results suggest that α-Fe 2 O 3 nanowalls shows promising applications in the degradation of dye, like titan yellow GR.
